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ABSTRACT 


An F-105 Canopy/Seat Cockpit Trainer, Panasonic Tele- 
vision Monitor System, and an SMK-22 Visual Approach 
Simulator were interfaced to yield a low-cost, six-degree- 
of-freedom visual approach and landing simulation system 
for fucure research and classroom use. Stick and throttle 
Sicpuus Irom une COCkKpit were made to operate all six | 
desrees of freedom. The television monitor was mounted 
forward of the cockpit instrument panel to provide visual 
Gieemuenr approaches, landings, and take-ofis. Cockpit 
instruments consist of airspeed, altimeter, and ID-249 


iowa cauors. 
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I. INTRODUCTION 


[Eie@meude excepulOn Of Catapult Jaunches from aircraft 
carriers and actual combat, the most dangerous phase of 
fixed-wing aircraft operations occurs during approaches 
and landings. Continued research concerning the approach 
and landing phases of flight could yield valuable information 
omneduece —Ememdancter involved in these operations and 
perhaps provide new techniques or aids to assure that 
landings and take-offs would correlate at a nearly one-to- 
Sew iratio. 

lieMeGescaren io presently being done by the Navy 
wenecermmianc carrier landings. Every carrier landing attempt 
is graded by a Landing Signal Officer (LSO). On severe 
ships these approaches to landings are also recorded from 
Cidamerevlrns Of altitude, airspeed, and glide slope tracking. 
All these data are forwarded periodically to the Navy 
poteuy~ecemuer ag Norfolk, Virginia for correlation. 

sane Slice omUsuedescribed arewguile expensive. 
cea Oo eMoivemrescearcm Could be Carried out using 
iMicemuMment Simulators, 1.€., Simulators in which the pilot 
PecCeivcoevicuial Cues from anstruments alone. These 
Simulators, however, have several drawbacks. The pilot 
Camerecadiily perceive only three desrees of freedom: yaw, 
COMendeotGCi. Alpipude and forward and lateral motion 


are only available through correct interpretation of 





several instruments. Furthermore, the landings made 

Pa TOmn~ecie lisurumenes GO NOt OCcUur in reality. During 
every landing there must be some outside visual reference 
eed Law ie. 

Mie ObNees, Of Labs project, therefore, is to provide 
BerovecCOscumelactOrn TOr future use 1n approach and landing 
Mescarem. Whis system 18 to have a visual presentation in 
MemeockhO homeo phe, ice tie prot With all six degrees of 
freedom, including the three degrees that are missing in 
Standard instrument simulators, namely: forward, lateral, 


Emcee vertical motions. 





ite OLSCUSolOn 


A. BACKGROUND 

The initial attempt to build this visual approach 
system consisted of a tripod mounted television camera. 

A motor drive on the tripod provided motion in the pitch 
and yaw senses. Forward motion was provided through the 
Mees, OL a Zoom lens. | 

fiitewatlvempy proved to pe unsatisfactory. There was 
MO Method Of controlling lateral or vertical motion of the 
camera. Thus, no matter how the camera was yawed or pitched, 
it was always on centerline and on the same glide-slope 
Memeo relative tO the landing area. 

In order to be able to focus on the landing area, 2 
fairly large model (32 inch, 600:1 scale wood carrier deck) 
timwOomowUsccaOs In1S decreased the zoom range to less than 
one quarter mile and the camera could not be zoomed to a 
touchdown position. 

Finally, Pie Weaiierescould mou beabenked. Thasc feature 
alone would destroy the realism of the system to rated pilots. 

Consultation with the Flight Simulation Branch at 
NASA's Ames Research Center, Mountain View, California lead 
to the acquisition of a surplus SMK-22 Visual Approach 
minmwlator from Hill Air Force Base, Salt Lake City, Utah. 
Mi matic OrorovTacd tae cixX degrees of freedom necessary 


for an acceptable system. 





bee oMK=22 

The SMK-22 visual simulator (Figure 1) represents the 
minecameaperepecuive Of a Simulated airricld so that one can 
Procutce Went approaches, tCake-orfs, and landings under 
various visibility conditions. It was originally designed 
for integral use with B-52, C-118, F-3A, C-1l, and other 
standard Navy and Air Force flight simulators. 

Pie wpLlGme Viev ei roOmeaneaareratrt 1S Samulated™ by a 
television camera with the same degrees of freedom as 
Mere varuesn Liiegat; azimuth (yaw), bank (roll), pitch, 
and Jateral and vertical motion. The appearance of forward 
motion is produced by moving a simulated runway under the 
cota Waves visual informacion 1S then presented on a 
€@ccoit MONLtoOr. 

Phone tCoumuongz se l/O TOOt wide runway is represented 
by a 600:1 scale thirty foot endless belt with phosphor 
coated beads and runway markers bonded permanently to its 
[ut acemeieayOOO TOOL Surap Of approach Jighting is pro- 
vided (Figure 2). Ground speeds of zero to 250 knots can 
be puted Dyaeelyines the belt driving motor speed. 

Lighting arrangements similar to that of an actual 
int MmiGemiccimiOn rererence Auring landing Operations. 
The distant flashing of the high intensity strobe light is 
the first visual cue to the pilot when approaching a runway 
Uidemmlow VaSibality Conditions. This effect is simulated 
by a perceptual strobe light mounted on the main attachment 


above the far end of the runway belt. Two small illuminated 





preatace roo cnds above the belt tlash ian sequence to give 
Piemccne wappearance Om bhe Monivgor as the strobe lights 
Pe-oume onl cucwiacance, [his exvemds the visible range of 
ie menaiMiotecomonc mile, | Tne percepuual strobe is 
synchronized with the main strobe lights and fades out as 
Pie lovceruceme Anco view. 

The strobe lamp is a fluorescent lamp under the belt. 
There is a metal shield around this lamp, with a thin trans- 
Maeent Sparal iam at, like a barber pole. The only 
Imiiitoulen Go the under side of the belt is through the 
transparent spiral. The shield is rotated around the lamp 
by the strobe motor. As the shield rotates, a thin beam 
Gf light through the spiral will seem to move down the 
Gemucr Of the belt, away from the camera. Little plastic 
Momence .wemocddeduim vae belt tO Simulate the strobe lights, 
PowGemoletelysehroush the belt. They light up when hit by 
the moving beam of light from below the belt and the light 
Be lccouccebystiemn 15 packed Up by tne camera, Since the 
beam of light moves down the belt, the strobe lights appear 
vo flash in sequence. 

Conditions of poor visibility are simulated by passing 
MiP GnaiGhrenevroupiiaty filter along the belt, between 
runway and camera so that the lights in the background are 
fete weot loss mems cured . 

Landing lights, controlled by a switch in the cockpit, 
are mounted on either side of the camera. 


Duvinewthe appreacn phase, the belt position, height 


above the runway, and lateral distance are compared to a 
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eee ere eeelde alOpe aid On-Cenverline signal to provide 
direct inputs to the horizontal and vertical needles of an 
ID-249 ILS indicator in the cockpit. 

input signals for positioning the belt and camera come 
Peonemuniewcockpil. Basically, the visual simulator is an 
analog computer, employing various servomechanisms for 
Velocity and DOSITLON information and Operavvemal Swapllity. 

Velocity signals are used to drive the belt and the 
camera lateral drive. Operation in a velocity mode eliminates 
Seeers ordinarily resulting trom low resolution potentio- 
meters, which could cause irregular servo operation as the 
prictmetraveledsover iandividudal turns of wire, 

The relative coordinate velocities are termed XLAS and 
YLAS. Poon Seine ee art proundspeed along a line 
parallel to the extended runway centerline. YLAS is the 
(eeckontnoroundapeca at riphy angles to the centerline. 
Peuimomnuncoesoroundspeeds are independent of aircraft 
poottaen. Woen the aircratt 1s moving parallel to the 
runway » YLAS is zero. If the aircraft could fly perpendicular 
to the runway, XLAS WoulldmOe Zero. im any other motion, 

XLAS and YLAS will be the vector components of the aircraft's 
Vomocliy we vel@elules Up Go 250 knots can be simulated. 
LiemiaciUleLaAberale simulaced distance from the centerline 

is 450 feet right or left. 

ine vertical drive 1s always Operated as a position 
servo. ihe limits of simulated vertical travel are from 


Zero GO Six hundred feet above the runway. 





The attitude servos position the camera to simulate 
Bhe heading, bank, and pitch of the aircraft. The three 
degrees of freedom are provided by a gimbal system (Figure 3) 
Tate evs avOUbeda DOING directly benind the camera lens. 
Since the principal point (entrance pupil) of the camera 
corresponds to the pilot's eyes, the point of rotation is 
placed behind the lens to represent the aircraft center of 
gravity. The limits of bank and heading are plus and minus 
thirty degrees. Those for pitch are plus and minus fifteen 


Goerecs. 


C. MODIFICATIONS 

As previously Stavedamt@enw ok devace was desiened “Lo 
receive inputs directly from various cockpit Simulators. 
These inputs included the aircraft's horizontal and iateral 
Gee taneces irom the runway, heading, altitude, field elevation, 
Deameome tric pressure, airspeed, and wind components, to 
name but a few. If one were to construct a system with 
Pease OULDILS, Ne would merely duplicate an expensive 
Simulator. 

Inputs to drive the simulator were kept to a minimum 
Oimeenrce = aikspeed, roll and pitch. 

Tne airspeed signal from the cockpit was connected to 
the XLAS input of the simulator. This signal is actually 
a groundspeed or no wind airspeed signal that comes directly 
BAO tomo rOwlleon ima tmenGeckpit., there 1s no connection 
Deujeects alttrapesa and pitch angle in this setup. Phugoid 


airspeed changes were neglected. Since many small corrections 


us) 





Peeevelawiyeede durangs an approach, the phugoid 
o2eeiaurons have Titvle chance to influence the motion 
SumeunonairCcranG. Whe anertia of the belt provides a delay 
MmcinMOvulemreoponce DUG, to facilitave the installation of 
the cockpit instrumentation, displayed airspeed is derived 
firecwly iron a taroucle-mounted potentiometer and therefore 
does not have a delay. - 

The roll signal comes directly from the stick in the 
Caplin olMmeetro mcalibrawed ay one degree per volt, with 
Mexima Of plus and minus thirty volts available at the 
Tei cilysuca |) resuraintus Om the StLck, however, limited 
bnew Maximum bank to ten degrees. An artificiality was 
present in that the pilot had to keep the stick deflected 
to maintain a bank angle. This artificiality was removed 
by disconnecting the roll feedback so that stick deflection 
HevywecOncrols the rave of roll. A constant bank angle can 
Pemiomiocinedawicm tie Suvichmrm the neutral position. The 
eyaamies of the gimbal system and servo amplifiers create 
a Slaght delay between input and response in roll, as is 
the es. Hyoteeculal ai rerat t., 

There was no device readily available to transmit 
heading information from the cockpit to the simulator. The 
Cimpuw trom coe Proll position Servo was used to drive the 
Meadane motor directly. Any bank angle creates a heading 
Peat eommacue~siitfher Dalle angles ancrease the rate of 


heading change. 


la 





The lateral drive is operated in a similar manner. The 
output of the heading position feedback was connected to the 
TEAS anpuc. Any heading signal not parallel to the runway 
produces a signal to drive the lateral drive, larger heading 
deviations giving higher lateral velocities. 

Miicmoeceimoceryeo 1S driven directly trom Ghe stick in 
the cockpit. Physical limits of stick travel limit the 
pitch motion to 8 degrees up and twelve degrees down. 

It was originally thought that the pitch feedback signal 
could be made to drive the vertical drive motor. This was 
MmmdeMOn GO oe the Case because Of a nonlinear spring on 
mies Vveruical Grive mechanism. 

This problem was solved through the installation of 
an additional motor-gear system in the simulator that was 
fede we run trom @ pitch feedback Sipnal. The gears drive 
BeOOtentloneter, che OULDUL Of which 1S connected to the 
altitude input of the simulator. Up and down pitch feed- 
beck Signals run the motor to turn the potentiometer giving 
outputs from minus six to zero volts, corresponding to 600 
wemeerOo 1cey altitude above the runway... A zero pitch 
feedback signal maintains the camera at a constant altitude. 

Pimrerait distance from the localizer was needed to 
operate the horizontal needle of the ID-249 indicator. No 
Pueoiolon Was meade fOr Chis im the simulator setup. The 
Solmiuson ve this problem was found by stepping down the 
belt position feedback (K2 pin 12 Amp. Assy. 1) to input 


into the XLAS (aircraft distance from the localizer) 


We 





Bormection to the horizontal needle circuitry (K1 pin 19 
Amp. Assy. 1). 

With only a velocity signal available and no aircraft 
Positron apm TO Lhe Samulator, the belt could only be 
WiitearoneuienecOcKpan, in a velocity mode, Hae simulator 
(ello p ube biis mode only 1f the “Wathin Start" relay 
is closed. The Velocity Track switch on the Control Console 
Moscesecmis helay TO allow operation of the strobe lights 
and velocity mode operation of the belt. 

The Landing Light relay was rewired so that one control 
wire went to ground and the other went to the Landing Light 
rived. 10 bac COCKpDLL. 

The Control Console (Figure 4) was constructed based on 
- the simulator's Instructor Console wiring diagram, with 
Wiemuteccasary warrne GCeleted. Tne purpose of the Control 
Console is to operate some of the functions of the simulator 
mote uMder Lhe pilot's creriwnare ily 

The lighted Emergency Power Off button provides an 
HiCGmectaon when the Simulacor 15 On. Depressing this button 
removes all power from the system. 

Ihe Servo-Man light indicates that at least one degree 
OF mMO6tion of the simulator is in the manual mode. 

The Freeze lJight indicates when the simulator is 
"frozen." Turning on the Freeze switch stops the belt and 
ilavecwalh anpuus GO the camera drives zero. 

iMewoerobe Switch and Iignt controls and indicates 


Peover LrOeune Surobe lights, 


as) 





Hic loch wi rach bieib end Swicea Closes the Within 
Uae lage LO OUG Lie belt drave in a velocity mode. The 
belt must be in this mode for strobe light operation. 

ties esesram oueart lishteand Sprang loaded swatch is 
used to position the aircraft on the runway for take-off. 

A Visibility Adjust knob controls the position of the 
visibility filter over the runway. 

iwo eCxmra knobs are on the Control Console for the 
eens Conurol., This circuitry is not used but is provided 
HOmetubure USe Ian manipulating a shutter on the camera to 


Simulate a broken or lower ceiling. 


Dae COCKPET 

An F-105 Electric Seat/Canopy training device was used 
‘for the cockpit porition of the system (Figure 5). Ail the 
woe cimecineUlery wag removed trom the cockpivu, with the 
exception of a convenience outlet and the power supply for 
Soo romine tie vsca awd Canopy, Ihe cockpit was interfaced 
with the simulator through a multiwire cable (Table II), a 
Nemec doleewand a pOwer Cord. Ihe power cord is connected 
to a phase-C convenience outlet on the top of the simulator 
somuMau wien thie samulactor is off there is no power to the 
COC ashy, OF Teamera . 

The throttle quadrant (Figure 6) came from an FJ Fury 
aircraft. A geared potentiometer was mounted so that motion 
Cee MunOmurewCtrecetiveavertcd 255 OUulDUL VOltage. This 
Secu viasiecOnniececed CO tie belt drive velocity (XLAS) qa 


put of the simulator. With a voltage range from zero to 
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Pivot ny~evOlLlS a.,C., alrspeeds of zero to 250 knots can 
Demoimulacved. 

It ikOvluicsCuLauG Was also Connected to a fifty volt 
wee (OlUlemer On bie instrument panel to provide airspeed 
micslcautons 1m the Cockpit. 

A spring balanced position stick (Figure 7) was obtained 
indirectly from the Air Force Flight Dynamics Laboratory. A 
potentiometer was mounted directly to each of the two stick 
axes. The outputs from these potentiometers are used as 
Mimo mbO Lie Oll and pitch servo amplifiers on the 
Sama Gor . 

The blank metal plate instrument panel was replaced with 
one of plastic (Figure 8). On this panel were mounted 
airspeed, altitude, and ID-249 ILS indicators and a landing 
ron Ge sweuch . 

The airspeed indicator has previously been discussed. 
Miewerol bude Aandaicalor 18 a thirty volt d.c. voltmeter 
tabooemlede co Midicave heights above the runway from zero 
to 600 feet. 

The ID-249ILS indicator provides azimuth and glide- 
Plovemialormataom GO Fie plloG iam) the same manner it would 
in an actual aircraft. 

The landing light switch controls the two landing 
i oaGomoumced ©ne On Clther side of the camera. 

Visual information is presented to the pilot by a 
Panasonic television monitor system. The camera is mounted 


on the gimbals in the simulator. A television viewer is 


af) 





mounved forward of the instrument panel in the cockpit, 

where the pilot would normally look for the runway during 

an approach and landing. Another viewer is located outside 
of the cockpit at the Control Console. Camera power, bright- 
ec wee OMmGioce= cid cleCuronic Locus are controlled from 

Mio vale ColevisiloOn system receives power from the 


—_ 


PeGiagnteComvelmence OuvLIEeT. 
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ITI. RESULTS AND REMARKS 


Mice McemnivcoOunGias projeeu were realized. This six- 
degree of freedom visual landing system functions very much 
like a real aircraft in flight. 

The out-of-pocket cost of the system amounted to less 
than $650.00. The only items that had to be purchased 
femme tie veleyision monitor system, ultraviolet lights, 
and some potentiometers. 

The system is readily available for research and class- 
room work in the Naval Postgraduate School Aircraft Simulation 
Laboratory. 

PiMmanieweonsurucorom Only airspeed and altitude indicators 
were added to the cockpit because it was felt that all other 
Beste TON wand auuIuude Cues would be available from the 
television viewer. (The ILS indicator was used because the 
simulator provides the signals necessary to make it function.) 
li miiowrunemih panel Could Casily be expanded to include 
mibeh, roll, heading, and horizontal distance information. 
Biome alo touarivye these Gndicators could be taken from 
the various feedback signals. 

MiemeOchWaUrrS Wired tO accepue a Sidearm controlier as 
well as.a conventional floor-mounted stick. Both position 
TMUimroree 6S G1Ckh=-CONLCOL research can be conducted from 
=o DOsth yon, dhe Stabiliuy and gain of the servo 


STpiiiwucizcerean also be adgusved, 


ae 





Deve ecm Gonccmeccilina COonditrons Could, in the future, 
be added by passing an object in front of the camera so 
that the runway could not be seen above a desired altitude 
Seoul eoewccem AMtCCrmitcencly, as in the case of a broken 
fain ecm Mili uO Operave Such 42 feature 1S incorporated 
fecne COnmerel Console, 

Mie wratiasOmre MOnIGOr 1S Capable of operating three 
separate cameras, and another gimbal is readily available. 
Thus, for a minimal added investment, the whole system 
Sellen Vache panldedmmne CXEra Simbel could be 
mounted in a dome painted with a sky background and used 
bo Simulatesvicual titvehnG eapeve a cloud layer, With an 
expanded altimeter range and the few extra instruments 
MeCecSary ues is ernGousn ene Cloud layer to a landing, the 
MOC 21 Geico tice inemecnud be Sam lacted, 

the Cee meee also be SEG Up CO Simulave 
Sthner Tliitetereowctiem as aerial retucling or carrier 
landings. 

this project has provided the basic platform for a 


ieCemicmlety On rescarch through flight simulation. 
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CONTROL CONSOLE WIRING DIAGRAM 
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TABLE I 


CONTROL CONSOLE CABLE W-1 


WIRE USE SIMULATOR LOCATION 
ne Spare 
18 Visibility Adjust J3-K 
LO 115 volts a.c. phase B TB3-12 
26 Ground TB4-12 
Pah eiOjertbrelil Mei e) ols J 3-W 
30 Neloetig We cis K1-14 (Strobe ) 
32 HUD) AWoulsiee © S slavessiou TB3-10 
344 Pagaran oteare J3-ad 
AS) Strobe Jights J 3-e 
HO Ceiling Adjust (not used) J3-¢g 
42 +300 volts d.c. TB3-18 
yd stele: would) (Gl. TB3-1 
15 Servo-Manual Light J3-Y 
U6 Freeze Switch J5-d 
L'7 Freeze Light J3-U 
48 iMib evokes asc. phase B sw. J3-W 
Ke | Relay Return TB3-6 
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TABLE IT 


COCKPIT CABLE W-2 


USE 
Ero ces 
Relay Return (not used) 
YLAS (not used) 
XLAS 
Landing Lights 
Altitude (not used) 
Piven 
eral, ; 
Vempnecaileiicedile ie Our 
Not Used 
opares 
Eiime Gor 
Ground 
moO VOLS &,.¢C. 
-30 volts a.c. 
Om ZoOM cote Need enn sOun 
HOG UZomicensNecd le Lo Our 
Spare 
Te oo lLusmicnc . 


Vertical Needle Hi Out 
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SIMULATOR LOCATION 


TB3-8 

TB2-13 
TB2-12 
K12-14 
TB1-12 
TB1-15 
TB1-16 
TB2 -44 


K4.-3 
TB4-11 
TB4-2 
TBA -4 
TB2-7 


TRB2-8 


TB3-4 
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